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1. Introduction

In the general case every rule can be represented with the help of a relation of the
type “B folloas fram A’z A—B, where B is a statement from the rule head, A is the
body of the rule. When an “‘exclusion from the rules” E(C, A) is applied to statement
A, the reason-sequence relation is altered. D. No te introduces in [1, 2] the notion
defeasible inference on the basis of the use of exclusions, attached toone or to a
grouwp of rules or separate statements (facts) -

Defeasible inference is expanded as a notion and application in papers [3, 4] in
the folloving way.

2. Purpose and Investigation problems

It will be pointed below that the operation mechanisms of the exclusions from the
rules can be realised in a different way, which changes the results from logical infer-
ence. Thus several different types of defeasible reasoning have been formulated. Let
a rule of Hom’s type (D) be given:

(@) B NA,

il

where A, are conjuncts fran the rule body (1={1, 2, ..., Z}, (the conjunctionwill be
further denoted by the symbol ~ only for the union of conjuncts from the antecedents
of the rules), and B is oe statament —head of the rule (it is a result of the relation).
When applying two-valued logics t artificial intelligence (Al) problems, ifat least
ore statement from A is not true, then B is not defined (true or false). Incase an
appropriate exclusion from rule Q) is found (the notion exclusion only will be used
further on) in connection with any A (it is assumed that pel), the procedure for
inference changes. In case the exclusion E(C, A) and C are true and A is false, then
B can be true (by exception). In [3, 4] extended models of defeasible inference are
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suggested, generalised in the paper in a formalised type (3), (@) and/or -5)-
() 2o, =1,
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where o, are apriori given coefficients of the significance of statements —conjuncts
fran the antecedents of the rules (the term belief is also used for tham). It is seen fram
the formulas that the exclusions are also a kind of comection of a rule relation char-
acter, and their area of gperation includes one or more rules (1) . The exclusions may
be distributed among the dbjects studied by inherited properties in a connection of
ancestor-predecessor type. The defeasible reasoning proposed in () is based on the
folloving. If there exists an exclusion E(C, A) camected with one of the rules with a
head B and as a result of its action A is abtained, then the conjunct A from the rulle
body is replaced by —A- Incase C is not true, the corresponding replacement is not
executed. When applying Modus Ponens, the juxtaposition between B and —A, leads
to a formal logical contradiction. There is not such a contradiction when using the
respective exclusion and the Modus Ponens rule. Hence, the formation of exclusions
of E(C, A) type can lead to solution of the contradictions caused by incorpleteness
in the descriiption of the object area.

In case C fram formula (4) is true and exclusion E(C, Ap) connects it with the
conjunct A, the significance of the last falls to zero. As a result of the defeasible
reasoning considered, A is eliminated firom the body of the respective rulle of type (D),
since its validity value does not irnfluence the inference proocess of B. In the last variant
of defeasible reasoning (5), when C is true, the respective oonjmctAp is directly
replaced by C under the action of the exception E(C, A) attached to the rule.

IT there are not any data for the coefficients pointed in (2), their values are
accepted as equal . The general inference is made from scheme (4) that no matter
whether the presence of reason C IeadstoAp or—A, it causes the defeasibility! of the
significance of the statement A  confirming B, o, =0 at that. Each ore of the exclu-
sions E(C, Ap) considered can be replaced by the disjunctive expression (CVuAp)-

The papers discussed suggest the use of an approach for defeasible reasoning in
the formation of exclusions E(C , A)- In this way the corbinatorial explosion in the
search of all the exclusions for the statements from all the rules is avided and more
attention is paid to sare definite situatios leading to the activation of such analogies.
One of the problems which gppear is to represent a formal apparatus for defeasible
reasoning on the basis of the known approaches for detection of partial similarities
between different models [5]- The types of defeasible reasoning are discussed In de-
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tail in the next chapter. The application of defeasible type analogies Increases the
efficiency of the search and application of exclusions. Independently on these facts
other (quantitative) methods have been investiigated that ereblle a rise in the efficiency
of these tools application and the removal of many shortcomings, typical for the non-
quantitative methods.

Different models [6] are used in exact quantitative methods based on linear
equalities and inequal ities designed for the solution of various problems in connection
wirth deductive logic. For this purpose amethod is suggested in this paper for defeasi-
ble reasoning by analogy using Tloas on networks. In this case the doice of the most
appropriate hypothesis is reduced to solving the corresponding network-Flow
optimisation problen, discussed in the third chapter.

3. Defeasible reasoning by analogy

The inference by analogy is based on the analysis of a partial similarity among the
models investigated. Further on the clauses of Hom’s type are called rules, and the
staterents C; A —facts. Let us consider different objects of the investigation frana
defined object area (the approach suggested is dbject-independent) . The set of rules
and facts, conceming a given object X, form its model - M(X). Thismodel is identified
with Herbrand model , and the object area — with Herbrand Universe. All the well
formed formulas (facts) from M(X) are logical sequences of X. The analogy is based
on juxtapositions and comparisons among different objects. The paper studies com-
parisons between models of some pairs from the set of objects: X, X,. The purpose
of transformation (the area, to which new knowledge is added), is connected with
the object X , and the transformation basis (the area, inwhich appropriate exclu-
sions are searched for) —with X,. The comparisons must have mutual ly excluding
character: two facts from M(X) cannot correspond to one fact from M(X,) and vice
versa. In the replacament of the variables by constants particular attention is paid to
the excluding of uncertain factors. The features mentioned give the necessary but not
sufficient conditions for inference by defeasible amnalogy -

Definition. Let us consider M(X). Defeasible analogy is the approach enabling
the transfer by analogy of exclusions of the type C — A, included in the models of
other dojects M()g) and on the besis of sufficient partial similarity between the dojects
X, and X, exclusions are added to M(X)) . The same can change the deductive
inference using defeasible reasoning (3), (4) or (5). Ancther type of defeasible
reasoning alloas forming by analogy (without direct transfer fran other objects) of
exclusions of the type C > A .

It is necessary to note ﬂ”le absolute difference between our background definition
for defeasible analogies and the defeasible reasoning of D. Note. In our case, if the
exclusion considered E(C, Ap) concerming one message A is true and its area of
operation covers the rule R,, containing A in its head or body then A is defeated.
Hence, without altering the nuth value orfA Its comection with R, changeﬁ in the
folloving way. In the critical case the comection AR is intererted: The signifi-
cance of the information whether A is true or false becores null in connectiion with
the truth value of R;. From the schemes above shoun it follows that A can be simply
cleared from the rule or replaced by another coincidence. The connectlon AR is
altered in the gereral case. ﬂ”edﬂmgeaffectsﬁe&guflcameofﬁ\efactmheﬁ"erA
is true or not within the frames of the conplete rule. The significance Increases in
some cases on the account of other messages, I there are such. In other cases it
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decreases, not obligatory to zero. Thus sanething similar to scales is introduced for
the head and the body of R, on which the changes in the weight of one or a group
of staterents in comection with R, are Tixed. Finally this can change the truth value
ofR.

" The exclusions can be specialised for one or a group of statements of one or
more rulles or for all the knoan rules of the domain. The paper discusses the different
partial cases of the defeasible reasoning suggested by us. The discussion is restricted
wirthin the frames of Hom’s clauses, and the position Opr is inthe rules body.

Let us regard a rule of the type B<— A NAN...MA , assigning each A the
corresponding o, - Also, let the knovledge leading to the confimetion of any state-
ment in A, be called examples for B (because they do not support the confirmation
of B). Similarity can be found with machine leaming terms, for example. The
knowledge leading to —A is called counterexamples for B. Then if C is true, the
application of the exclusion C— A alters the ratio between the exarples sets and
the counter examplles for B, because A is eliminated in one of them. 1T the result of
this is that one of the sets remains enpty, the deductive inference is altered. The
defeasible analogy is used with the purpose to eliminate the elements in one of the
two sets and to change deductive inference. Usually it is described by formula (6),
but the mechanism for exclusions application can be in three variants, that are
formalised in (3), @) or (5)-

® ¥ (v, M(X1), M(X2))

V4
C.EC,A), B NA,
=

Be-ANM.. A NA ..A

where s is the substitution mentioned at the begiming of the chepter, alloving the use
of the exclusions avai lable comnected with other dojects in M(X). If there issucha
substitution in the ypper lire of (6), then excllusion transfer is realisad (refer to the
intermediate lire in the formula) from M(X)) InM(X) . After the lonest line of infer-
ence in (6), the results from the use of the defeasible process C — A inM(X) are
pointed out. Four variants for the formation of yare investigated so that they can be
used in a combination or apart. Independently on the variant selected, if
vy (X, X)<T obtained is smaller than an apriori given value T, the hypothesis
formed by analogy is rejected.

One of the most simple and efficient procedures in a computing complexity
aspect for the formation of y is based on the estimate of the distance between X
and X, in the hierarchical network of dojects. For this purpose relations ancestor-
predecessor are used that are described in properties acquisition in deductive infer—
ence. Let each relation be interpreted by an arc with length 1, at the upper end of
which a predecessor! is placed and at the lower— an ancestor. The neighbourhood
(the distance) between the dbjects L(X , X)) is computed in the following way. If
X=X,, then L(X , X,)=0 (maximal neighbourhood). In case X and X, have a
common predecessor, L(X, X,)=1 and so on. IT X and X, have not a common
predecessor at any hierarchical level, then L(X , X) = . In the variant shom the
analogies are done up to an apriori set value of L. The next chapter describes a
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schere for defeasible reasoning by analogy, being described in the notions of deduc-
tion (Modus Ponens) and formalized by (7).

z
A DAL DA A, (XX EC, AD B NA
(7) ______________________________________ 5

where E(C, A) is connected with X, and all the remaining statements —with X . Also,
wirth the purpose 1o increase the efficiency of defessible reasoning, It is suggested to
use metacontrol of inference by analogy expressed in the use of analogies only in case
that one of the sets of the exarples and counter examples of the consegquent of (1)
contains no more than one element. It is suitable to make comparison between the
defeasible reasoning suggested and other approaches for reasoning by analogy, at the
Tirst place the Haraguchi approach (refer to the first dgpter) . In order to discover the
daracteristic differences, it is sufficient o trace what the situation willl be after the
elimination of y fram formula (6) - In this case the analogy becames practical ly uncon-
trollable and 1t cannot function in automatic mode of operation without an expert who
has the task to remove the inconsistent hypotheses. The analogy described in one of
the early works of Haragudhi is similar, being described in formal deductive inference
rnotas.

4. Flons In networks for inference by analogy

A flow interpretation of the inference is proposed In the present paper for formal
defeasible reasoning using the terms fram [7, 8]. Let the graph G(N,U) be givenon a
set of arcs U and nodes N. In this case the relation (7) can be represanted as a network
flow on graphs from Fig. 1.

Fig- 1

The graph is divided by dotted lines into areas, each one containing knovledge
about one object X; . The set of sources S cotains all A, the exclusions E, ;. The
set of sinks T contains all t, t, and t°. Then for all X, y eN the constraints from
expression (8) are valid:

(v(a) ifyes,
® iy, )-f(X,y)= 10,  ifxeS,T,
v(t), iFyeT.

A, corresponds to the arc flow functions f(a;,a); C, A and E(C , Ap) -to
fc.r), f(ap ., T(r, ,a), reseectively, and Ty, , @) isassiged inftally trevale 1, if
\V(Xj, X)<T or O otherwise. Some appropriate exclusions E(C , Ap), i>]j,canbe
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included in the knowledge about an object X;- The pairs of the incaning arcs are
disjunctively joint in the nodes r;, and in nodes a and b,— conjunctively. The func-
tional relations v from formula (8) are formed as folloas: v(eﬁ): f(ag , ); v(tj):
LGNS

Let the conjunction of all A , exclusions 1, v, be denoted by A, which corresponds
o the arc (@, b)) - Then tre inplication A-B is set by the arc (b,, b)) ad asa result of
the deductive inference f(b,, b)) Is computed, the value of which is a true estinate of
B. Then the inference by analogy is represented by the follloving system of equalities
ad inequalities:

(©)) (@, b) -f@@,ax<0; i-,..., 7,

@ f@a, b) -f(r;, ) <0; j1,.... n,

@ T, b) - f(r;, < 0; J=1,..., n,

(€] ;.9 -1(G, =0 j=,...,n,

(%)) 2@ ,a)-fG,.r)-1@,r)=0;j=1,....n,
z-1 n n

(@0 @vz-1) f(a, b) -X Tl , & - X f(r; ,a)-X f(y, ,a) =0,
i=1 j=1 j=1

®» 21(,, b) -f(, b)-T @, b)-0,

@® f(r,, =0 or 1,

a X, =0; (X, y)eU,

(€3) @, , )1,

(@) f(a, t) <2z -2,

@ f(,, t) <1.

The equations for preserving are given by formulas (13)-(15), while the equa-
tions from (9) wp to (12) guarantee that the conditions from the tables for the logical
Qperations disjunction and conjunction are satisfied.

The probllem for defeasible reasoning by analogy put is reduced to a linear pro-
gramming prablem from (9) up to (20) with the followving objective function:

(¢24)) 2 F(x,y )— max.
X, y)eD

Fig. 1 shoas ore case of defessibility of ore of the conjuncts A by the antecedent
of (D). In the general case several conjuncts can be defeated simultaneously, which
leads to complication of the graphical representation and the system of fomulas. As
shown in chapter 1, this is not appropriate in most of the cases, since it can cause
decrease of the efficiency in defessible analogy gpplication.

Similarly to the schere for inference (7), scheme (6) is realised in a flov form of
representation that leads to transformation of rulles, but not to dedk of the probabil ity
value of statements as showmn above. Usually all the modifications of exclusions from
A w o (B) are usad in the Investigations, aswell as an inference using efficiency
coefficients (1)- The modifications indicated do not alter the nature of the schere for
defeasible reasoning by analogy shown inFig. 1.
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5. Conclusions

The paper presented suggests a network Flow approach for defeasible inference by
analogy, aswell as the possibilities for its gyplication in artificial imtelligence ad
decision support systems. The features and comon characteristics of different types
of defeasible reasoning are discussed.

A method is proposed in which the defeasible reasoning is done in a network
Flow form. In this approach the logical programing problems are reduced to the
solution of the corresponding problems by exact quantitative methods. For this pur-
pase linear network Flow models are used and an extremal linear network problem is
Sel\V< ol

References

[

- Nu te, D. Defessible reasoning and decision sugport systems. — Decision Support Systens, 4, 1983, 97-110.
-Nute,D.,R.Mann, B. Brewer. Using defeasible logic to cottrol selection of a business forecasting
method. — In: Proc. of the 21th Hawaii Int. Conf. on System Science. IEEE Comp. Soc. Press,
Washington, DC, 1988.
3.Jotsov, V. Defeasible reasoning by using analogies. - In: Proc. IV Int. Conf. AIMSA*90. Edited by
P. Jorrand and V. Sgurev. North- Holland, 1990, 285-292.
4.Sgurev, V., V. Jotsov. Corputational analagy: sare resultes and perspectives. — Jour. Probl. of Ind.
Cybem. and Robotics, 46, 1997, 12-20.
5.Haraguchi, M., S. Ar i kawa. Reasoning by analogy as a partial identity betwen models. — Lecture
Notes in Computer Science, 265. Edited by K. Jantke. Berlin, Springer, 1986, 61-87.
.Jeroslow, R. Logic-Based Decision Support. N.Y., North-Holland, 1986.
-.Sgurev,V.S.,M.N.Djelatova. Maximal linear flov and capacity of a cutting set. — Problems of
Engineering Cybemetiics and Robotics, 25, 1986, 3-10.
8.Sgurev,V.S. AMaximum network flow and a capacity in networks with nonlinear constrains. —
Problems of Engineering Cybemetics and Robotics, 31, 1990, 18-22.

N

~N o

HeKOTOpre METOIOBI aHYJIMPYKRIET'O BEIBOIA C MCIIOJIE3O0OBAHMEM
CeTeBEIX IIOTOKOBEIX CXeM

Bacu Crypes, Bramamp Joros

UHCTUTY'T MHOOPMALIMOHHEIX TexHoJormi, 1113 Coprs

(Pe3noMe)

AHYJIVPYIOIMIM BEIBOI OCHOBAH HAa MCIIOJIB30BAHMM BHAHUMIA TUIMA MUCKIIOUSHUS 13
npaBuji. B HACTOAIEN CTaThe IMPEeIJIOKEHB HECKOJIBKO CXEeM IJIS aHyJIMPOBAaHUS
MCCIIenlyeMblx Cyxrenmit A, . JICIOJIb30BaHMe NPeNCTaBJICHHEX CXeM MO3BOJIAeT
M3MEHeHre CBAsel Mexny A, U IPpyTVIMM U3BECTHEMY CyXISHMAMY O3 U3MEeHEHMS
UX UCTUHHOCTU. [PV DTOM PEe3yJIbTATH KAXIOTO U3 MPEIJIOKEHHBIX aHYJIPYIIMX
JIOTUUECKMX BBIBOIIOB MOTYT HE COBIIAIATH C PEe3yJbTaTaM/ OPYTMX aHYJMPYIMX
BLIBOIIOB MJIM C KJIACCUUECKUM NeyKTUBHEM BEIBOIOM C WM 6e3 NpUMEeHEHUS
BEPOSTHOCTHEIX OLIEHOK. B CTaThbe MpeljlaraeTcsd MeTOI aHyJMPYe aHaJIoTmA,
B KOTOPOM JIOTMUECKMA BEIBOI 10 aHAJIOTMM [TOCTPOEH Ha 6asyce MpelCTaBIIeHHEX
CXEeM aHyJIMPYKIIETO BHBOIA. I[PV 3TOM AHHYJIMPYIME aHAJIOTUM MOTYT OBITH
MCIIOJIL'30BAHEl IJIS MTONTBEPKICHUS MM ONPOBEPXEHMUS JIIOOOTO U3 M3BECTHBIX
cyxnennti. C LeJIbo IPUBEOEHUS 3allaul BEUMCIIEHUS MCTYMHHOCTHOTO 3HAUEHUS
MCCJIeNYyEeMOT'O CyXIeHVsS K paboTe C TOUHBMU KOJMUECTBEHHBEMU METOIAMM,
AHYJIUPYIIME aHAJIOTMM [IPelCTaBJIEHE B CETEeBOM [TOTOKOBOM bopMme .
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